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BACKGROUND 


Introduction 

Carbon  monoxide,  a  very  simple  molecule  and  a  common  product  of  incomplete 
combustion,  is  a  familiar  yet  dangerously  unfamiliar  substance.  To  the  average  citizen  it 
finds  its  way  into  discussions  of  automobile  exhaust,  suicides,  and  cigarette  smoke.  But 
misconceptions  or  lack  of  awareness  seem  to  continue  to  cause  hundreds,  if  not  thousands,  of 
accidental  deaths  in  this  country  every  year.1,2,3  This  is,  of  course,  in  addition  to  an  even 
greater  number  of  intentional  deaths,  for  which  carbon  monoxide  is  the  chosen  means  of  self- 
destruction.  In  fact,  carbon  monoxide  remains  the  leading  cause  of  all  poisoning  deaths  in 
the  United  States  (and,  quite  possibly,  the  world)4’5,6’7’8’9 

From  a  public  health  point  of  view,  questions  of  public  awareness  and  public  safety 
remain  the  most  important  issues.  Practically  all  of  us  sit  in  heavy  traffic  from  time  to  time, 
the  media  carry  occasional  reports  of  families  sickened  or  killed  by  faulty  (or  inappropriate) 
heating  systems,  many  of  us  know  of  people  who  have  intentionally  died  after  starting  cars  in 
closed  garages,  and  smokers  are  ever  so  discreetly  warned  that  “Cigarette  smoke  contains 
carbon  monoxide.  ”  Due  to  its  insidious  properties,  carbon  monoxide  gives  little  or  no 
warning  signs  to  unsuspecting  victims.  Lower  level  poisonings  are  frequently  overlooked  or 
misdiagnosed  when  patients  tell  their  doctors  about  difficulties  with  headaches,  dizziness, 
nausea,  or  weakness.6’10’11’12’13’14’15  Too  often  they  receive  treatment  for  viral-  or  food-related 
illnesses,  then  return  home  to  the  true  source  of  the  problem,  only  to  have  their  symptoms 
persist  for  months...  or  worse. 

Not  surprisingly,  media  coverage  of  this  important  toxin  tends  to  be  limited  to  local 

stories  about  tragic  household  accidents,  or  to  firemen  overcome  by  smoke.  This  often 

translates  into  an  underinformed  (or  sometimes  misinformed)  general  public.16’17’18’19  On  the 

other  hand,  volumes  of  data  can  be  found  in  scientific  journals  about  carbon  monoxide 

uptake,  its  pathophysiology,  blood  levels  found  in  emergency  room  patients,  and  noticeable 

changes  in  brain  features  of  poisoning  victims  detected  by  magnetic-resonance  imaging. 

Researchers  have  used  animal  models  to  chart  in  great  detail  the  effects  of  carbon  monoxide 
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on  living  systems,  and  much  information  has  been  compiled  about  the  near-  and  long-term 
consequences  of  both  acute  and  chronic  exposure  to  this  toxic  gas.  But  important  questions 
remain:  What  is  really  being  done  to  bring  local  historical  data  and  the  collected  scientific 
knowledge  to  the  level  of  useful  public  understanding?  Are  there  certain  groups  more  at  risk 
than  others?  And,  should  more  be  done  about  it? 

The  primary  goal  of  this  thesis  is  to  review  the  health  threats  posed  by  carbon  monoxide 
and  to  specifically  relate  these  threats  in  a  local  context.  Certainly  an  overview  of  carbon 
monoxide’s  chemical  and  physical  characteristics,  along  with  a  review  of  its  various 
production  sources  and  a  description  of  early  signs  and  symptoms  of  carbon  monoxide 
poisoning  would  be  a  worthwhile  endeavor  in  itself.  To  better  analyze  the  overall  health 
burden  of  this  “silent  killer,”  however,  a  few  other  areas  should  be  examined.  For  example, 
in  Bexar  County,  Texas,  approximately  600  people  died  from  carbon  monoxide-related 
incidents  between  1935  and  1995,  as  recorded  from  death  certificate  data  compiled  from 
county  records.  These  data  will  be  presented,  showing  the  distribution  of  deaths  by  manner 
of  death,  age,  sex,  and  other  demographics.  This  will  help  define  carbon  monoxide’s  role  as 
a  health  concern  in  San  Antonio  and  surrounding  communities.  Background  information  on 
chemical  and  physiological  properties  will  be  presented,  along  with  a  general  review  of  some 
of  the  ongoing  research  efforts  in  the  scientific  community.  Following  the  evaluation  of  the 
deaths  experienced  in  Bexar  County  over  the  specified  sixty-year  period,  comments  will  be 
offered  and  recommendations  made  relevant  to  the  local  threat  characteristics  found.  This 
will  include  consideration  of  information  currently  available  through  the  media  and  various 
public  organizations.  Ultimately,  recommendations  for  targeted  public  health  education  in 
San  Antonio  and  for  additional  local  research  will  be  possible.  In  addition,  healthcare 
providers  might  find  this  study  useful  as  a  general  review  of  carbon  monoxide  sources  as 
well  as  the  signs,  symptoms,  and  sequelae  of  sub-lethal  exposure. 


Carbon  Monoxide  Sources  and  Basic  Science 

Each  molecule  of  carbon  monoxide  (CO)  consists  of  a  single  oxygen  atom  bonded  to 
a  carbon  atom.  This  structure  is  extremely  stable,  and  accounts  for  many  of  carbon 


2 


monoxide’s  chemical  characteristics.  In  any  combustion  reaction,  carbon  is  first  oxidized  to 
carbon  monoxide.  Further  (“complete”)  oxidation  to  carbon  dioxide  requires  an  additional 
step  with  a  much  greater  activation  energy.  But  if  sufficient  time,  heat,  or  oxygen  are  not 
available  for  the  reaction  to  proceed,  large  amounts  of  carbon  monoxide  remain.20  Such 
“incomplete”  burning  in  fires,  motor  vehicle  engines,  industrial  processes,  cigarettes,  and 
heating  systems  is  probably  the  most  readily  apparent  cause  of  carbon  monoxide,  and  in  fact 
man-made  (“anthropogenic”)  sources  account  for  about  85  million  tons  of  American-made 
carbon  monoxide  each  year.21  However,  on  a  global  scale,  natural  sources  still  produce  the 
vast  majority  of  carbon  monoxide.  Decomposition  of  plant  and  animal  matter  produces 
methane,  whose  reaction  sequence  with  hydroxyl  radicals  in  the  atmosphere  creates  about  80 
percent  of  the  world’s  annual  carbon  monoxide  production.20  More  than  half  of  the 
remaining  CO  comes  from  other  natural  sources,  including  the  breakdown  of  chlorophyll, 
and  a  wide  variety  of  natural  reactions  in  the  oceans.20  Of  course,  total  production  figures 
and  natural  “sinks”  for  carbon  monoxide  consumption  are  not  especially  important  from  a 
medical  or  public  health  point  of  view  when  one  compares  the  relative  distribution  of  the 
substance.  For  although  anthropogenic  sources  produce  less  than  ten  percent  of  the  world’s 
carbon  monoxide,  approximately  98  percent  of  the  carbon  monoxide  within  US  cities  does 
result  from  human  activities.20  Clearly,  these  tiny  pockets  of  high  CO  concentration, 
coinciding  with  our  densest  population  areas,  create  the  true  problems  of  medical  and  public 
health  concern. 

Basic  Physiological  Issues 

The  majority  of  carbon  monoxide  found  in  the  body  is  breathed  directly  into  the  lungs, 
although  some  amounts  are  introduced  by  other  pathways.  For  example,  skin  absorption  or 
inhalation  of  methylene  chloride  (a  common  component  of  paint  removers  and  other 
solvents)  produces  CO  when  metabolized  by  the  liver.22  The  body’s  normal  breakdown  of 
hemoglobin  and  other  heme-containing  compounds  also  produces  carbon  monoxide,  which 
accounts  for  small,  but  measurable,  background  levels  of  CO  in  the  blood.23  A  colorless  gas 
without  taste  or  odor,  carbon  monoxide  is  similar  to  oxygen  in  molecular  size,  weight,  and 
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diffusionary  properties  across  various  membranes,  and  so  readily  competes  with  oxygen  for 
hemoglobin  binding  sites  upon  entering  the  lung  capillaries.  Inside  the  red  blood  cells, 
carbon  monoxide  binds  with  hemoglobin  nearly  as  fast  as  oxygen  does;  once  bound, 
however,  its  release  rate  is  a  mere  fraction  of  that  of  oxygen.  This  “tighter  binding”  results  in 
carbon  monoxide  having  an  overall  net  affinity  for  hemoglobin  binding  about  240  times  that 
of  oxygen  under  normal  conditions.24,25,26  Studies  have  shown  that  although  most  carbon 
monoxide  in  the  body  is  chemically  bound  to  hemoglobin,  ten  to  15  percent  is  typically 
distributed  to  extravascular  tissues  where  it  is  bound  to  other  heme  proteins,  such  as 
myoglobin  (an  oxygen  storage  protein),  cytochromes  (important  in  cellular  respiration  and 
detoxification  pathways),  and  certain  enzymes.27  Because  carbon  monoxide  is  relatively 
insoluble  in  water,  very  little  is  physically  dissolved  in  bodily  fluids. 

Since  carbon  monoxide’s  most  basic  interactions  involve  hemoglobin,  it  is  important  to 
briefly  review  hemoglobin’s  structure  and  function.  Hemoglobin  is  a  tetrameric  protein  (a 
“four-chain”  protein).  Each  polypeptide  chain  surrounds  and  holds  a  relatively  small 
organometallic  heme  group  within  its  three-dimensional  structure.  An  iron  atom  sits  at  the 
center  of  each  heme  group.  These  iron  atoms  each  have  a  binding  position  available, 
intended  for  the  temporary  attachment  of  an  oxygen  molecule,  thereby  giving  hemoglobin  its 
oxygen-carrying  ability.  As  in  many  biochemical  reactions  the  attachment  and  release  of 
oxygen  at  these  sites  at  any  given  time  depends  on  a  number  of  variables,  such  as  oxygen 
tension  in  the  blood,  availability  of  open  binding  sites,  ambient  temperature,  and  pH.  As 
“designed,”  oxygen  is  to  be  secured  to  the  heme  groups  in  the  relatively  oxygen-rich 
environment  of  the  lungs,  and  then  readily  released  to  the  tissues  as  the  blood  travels  to 
oxygen-poorer  sites  around  the  body.  A  typical  oxygen  dissociation  curve,  showing  percent 
of  oxyhemoglobin  saturation  (or  “oxygen  binding  ability”)  as  a  function  of  blood  oxygen 
tension,  is  represented  by  the  graph  in  Appendix  A.  This  figure  demonstrates  that  as  the 
surrounding  level  of  oxygen  is  reduced,  hemoglobin’s  desire  to  hold  onto  oxygen  drops,  and 
so  the  oxygen  being  carried  is  released.  The  sigmoid  shape  of  the  curve  is  a  result  of 
“cooperative  binding,”  which  means  the  binding  of  an  oxygen  molecule  to  one  of  the  four 
hemoglobin  subunits  makes  that  hemoglobin  molecule  more  likely  to  bind  more  oxygen  at  its 
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other  heme  groups.  Portions  of  the  hemoglobin  molecule  near  the  first  oxygenated  heme 
group  shift  slightly,  which  in  turn  alters  the  configuration  of  the  molecule’s  four  polypeptide 
units.  These  changes  enhance  the  binding  properties  of  the  remaining  heme  groups,  possibly 
by  making  the  binding  sites  more  accessible  to  additional  oxygen  molecules.28  Binding  of 
carbon  monoxide  to  hemoglobin  is  characterized  by  a  similar  dissociation  curve,  but  work 
done  in  the  late  1980’s  at  the  University  of  Colorado  showed  that  carbon  monoxide  exhibits 
an  even  greater  binding  cooperativity  than  oxygen,  indicated  by  the  steeper  dissociation 
curve  in  Appendix  B.29  The  findings  that  the  oxygen  and  carbon  monoxide  curves  are  not 
exactly  parallel  altered  long-held  beliefs  that  the  partitioning  between  carbon  monoxide  and 
oxygen  binding  to  hemoglobin  was  constant  at  all  levels  of  hemoglobin  saturation.  It  is  now 
known  that  carbon  monoxide’s  affinity  for  hemoglobin  ranges  from  about  170  to  over  270 
times  that  of  oxygen  as  saturation  increases.29  In  addition  to  successfully  replacing  oxygen 
in  hemoglobin  binding,  carbon  monoxide  also  shifts  oxygen’s  dissociation  curve  to  the  left, 
as  shown  in  Appendix  C.30’31  This  means  that  at  a  given  blood  oxygen  tension,  more  oxygen 
will  tend  to  stay  bound  to  hemoglobin  than  if  carbon  monoxide  were  not  present.  This,  of 
course,  further  aggravates  carbon  monoxide’s  toxic  effect  -  not  only  is  less  oxygen  given  the 
opportunity  to  bind  with  hemoglobin,  but  that  which  does  bind  is  not  as  readily  released 
during  delivery  attempts  to  the  oxygen-starved  cells. 

Another  important  comparison  involves  the  different  binding  properties  of  hemoglobin 
and  myoglobin.  Myoglobin  plays  a  crucial  oxygen  storage  and  transfer  role  within  muscle 
tissue.  Although  closely  related  to  hemoglobin,  myoglobin  molecules  consist  of  a  single 
polypeptide  chain  and  contain  only  one  heme  group.  They  therefore  lack  the  ability  to  bind 
cooperatively  to  oxygen  or  carbon  monoxide  and  have  a  dissociation  curve  as  represented  in 
Appendix  D.28  At  low  saturation  levels,  myoglobin  binds  much  more  readily  with  oxygen  or 
carbon  monoxide  than  does  hemoglobin.23  As  a  result,  a  person  with  a  carboxyhemoglobin 
concentration  of  five  to  ten  percent  often  has  carboxymyoglobin  levels  about  three  times 
higher.4  These  figures  suggest  that  as  much  as  30  percent  of  cardiac  myoglobin  may 
typically  remain  saturated  with  carbon  monoxide  in  heavy  cigarette  smokers,  whose 
carboxyhemoglobin  levels  tend  to  be  about  ten  percent.27  Although  the  medical 
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ramifications  of  carbon  monoxide  will  be  discussed  in  the  next  section  of  this  paper,  it  is 
quite  easy  to  imagine  the  impact  of  such  findings.  Further,  since  carboxymyoglobin 
dissociates  slower  than  carboxyhemoglobin,  decreased  oxygen  reserve  in  the  myocardium  of 
acute  poisoning  victims  is  both  more  severe  and  more  prolonged  than  simple  measurements 
of  carbon  monoxide  levels  in  the  blood  might  indicate  4  Another  result  of  myoglobin’s  slow 
release  of  carbon  monoxide  back  into  the  blood  is  its  ability  to  re-elevate  carboxyhemoglobin 
levels  for  hours  after  “normal”  levels  have  been  initially  re-established  in  a  poisoning 
victim.4  It  is  therefore  important  that  this  be  considered  prior  to  discharge. 

The  accumulation  of  carbon  monoxide  in  the  blood  and  other  tissues  has  been 
extensively  studied  and  documented.  Needless  to  say,  the  greater  the  percent  saturation  of 
carboxyhemoglobin,  the  more  severe  the  effects  of  carbon  monoxide  poisoning.  This  level  is 
dependent  on  a  number  of  factors,  primarily  the  concentration  of  ambient  carbon  monoxide, 
the  minute  ventilation,  cardiac  output,  and  the  length  of  exposure.30  In  general, 
carboxyhemoglobin  will  form  relatively  quickly  at  low  carbon  monoxide  saturation  levels. 
Roughly  half  of  all  inspired  carbon  monoxide  is  immediately  retained  in  the  blood  at 
carboxyhemoglobin  saturation  less  than  six  percent.25  As  saturation  increases,  the  rate  slows 
due  to  decreasing  availability  of  binding  sites  and  the  rising  back  pressure  of  carbon 
monoxide  already  in  the  blood,  until  equilibrium  is  reached  (Appendix  E).  Higher 
concentrations  of  inspired  carbon  monoxide  speed  carboxyhemoglobin  saturation,  as  do 
physical  exertion,  restricted  oxygen  supply,  higher  elevations,  and  numerous  other  factors.  A 
carbon  monoxide  concentration  of  50  parts  per  million  (ppm),  for  example,  will  eventually 
lead  to  an  equilibrium  carboxyhemoglobin  level  of  about  seven  percent,  while  100  ppm  leads 
to  14  percent  saturation  and  500  ppm  results  in  about  54  percent.30  It  should  be  pointed  out, 
however,  that  equilibrium  is  reached  only  after  several  hours  of  relatively  constant  exposure. 
Since  ambient  carbon  monoxide  concentrations  tend  to  change  rapidly  in  most  subacute 
situations,  and  since  respiration  and  circulation  vary  (or  halt  entirely!)  in  acute  poisonings, 
equilibrium  values  are  rarely  achieved  under  real  conditions.32  None-the-less,  they  are  useful 
in  making  comparisons  and  predictions.  Numerous  studies,  for  example,  have  shown  that 
carbon  monoxide  levels  on  many  daytime  city  streets  tend  to  remain  between  10  to  15  ppm. 
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but  isolated  peaks  of  100  ppm  or  more  over  short  periods  are  not  uncommon.  In  comparison, 
the  extremely  high  carbon  monoxide  concentration  of  pure  cigarette  smoke  (about  three 
percent  by  volume,  or  30,000  ppm)  produces  a  commonly  inhaled  mixture  of  smoke  and  air 
that  contains  between  400  and  500  ppm.33 

An  interesting  study  done  at  Canada’s  Defence  and  Civil  Institute  of  Environmental 
Medicine  in  1987  showed  that  carbon  monoxide  uptake  in  resting  humans  can  be  estimated 
fairly  accurately  by  knowing  only  the  total  dose  received  and  the  time  period  over  which  the 
exposure  occurred.  Subjects  given  a  specified  number  of  five-minute  doses  of  1,500  ppm 
carbon  monoxide  experienced  the  same  final  carboxyhemoglobin  levels  as  when  they 
received  an  equal  number  of  one-minute  doses  at  7,500  ppm  over  an  equal  time  period.34 
Results  such  as  these  allow  clinicians  and  medical  researchers  to  more  accurately  determine 
what  a  patient’s  “initial”  (post-exposure)  carboxyhemoglobin  load  must  have  been  by 
estimating  only  the  total  dose  received  during  the  exposure  time.  This  eliminates  the  need  to 
recreate  the  exposure  sequence  in  more  detail  or  worry  about  the  changes  in  exposure 
concentration  that  likely  occurred  during  the  incident. 

After  an  exposure  to  carbon  monoxide  has  occurred,  the  gas  is  slowly  released  from  the 
blood  and  other  tissues  and  exhaled.  A  great  deal  of  research  has  been  done  in  this  area,  and 
has  shown  that  the  removal  of  carbon  monoxide  follows  fairly  common  decay  principles. 
Breathing  normal  fresh  air,  carbon  monoxide  has  a  half-life  in  the  blood  of  about  250 
minutes  (that  is,  half  the  carbon  monoxide  remaining  in  the  bloodstream  will  be  removed 
approximately  every  four  hours).5  Of  even  more  clinical  importance,  however,  is  that  this 
rate  of  carbon  monoxide  clearance  can  be  accelerated  by  administering  100  percent  oxygen 
to  poisoning  victims,  and  can  be  further  sped  up  using  hyperbaric  chambers  to  provide  100 
percent  oxygen  at  greater  pressures  (typically  about  two  and  a  half  atmospheres).9  This 
dramatically  decreases  the  mean  carbon  monoxide  half-life  to  about  50  minutes  and  22 
minutes  respectively.5  Appendix  F  compares  these  three  elimination  curves,  based  on  a 
standard  decay  function  of:  I*v  {  [COHb]t  /  [COHb]i+t }  =  kt 

where  Irv  is  the  natural  logarithm  fimction,  t  is  elapsed  time,  k  is  the  decay  constant  of  the 
particular  curve,  and  [COHb]i  and  [COHb]i+t  are  the  initial  and  final  carboxyhemoglobin 
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saturation  levels.  By  working  with  this  basic  relationship,  it  is  interesting  to  note  (and 
critically  important  to  the  poisoning  victim)  that  while  hyperbaric  treatment  can  remove  half 
of  the  carbon  monoxide  from  the  blood  in  just  22  minutes,  about  94  percent  of  the  original 
level  will  still  be  circulating  within  the  patient  if  he  or  she  only  breaths  fresh  air  for  the  same 
time  period.  The  increased  oxygen  partial  pressures  delivered  by  the  100  percent  oxygen 
regimens  (both  normobaric  and  hyperbaric)  force  significant  amounts  of  oxygen  to  dissolve 
in  the  blood  plasma.  In  fact,  during  hyperbaric  treatment  enough  oxygen  is  transported  by 
the  plasma  alone  to  meet  total  body  oxygen  demand,  independent  of  hemoglobin  availability. 
Thus,  in  addition  to  hastening  CO  removal,  hyperbaric  oxygen  can  immediately  reverse 
hypoxia.30  Given  the  desperate  need  to  get  oxygen  to  the  heart,  central  nervous  system,  and 
other  tissues,  these  dramatic  effects  of  hyperbaric  treatment  led  to  its  widespread  acceptance 
in  the  treatment  of  severe  carbon  monoxide  poisoning. 


Medical  Issues 

With  the  above  discussion  as  background,  we  will  now  turn  to  some  of  the  broader 
effects  carbon  monoxide  has  on  the  body.  As  previously  mentioned,  the  organs  most 
sensitive  to  decreased  oxygen  availability  are  the  heart  and  central  nervous  system.  Not 
surprisingly,  patients  with  cardiovascular  disease  are  particularly  vulnerable  to  even  “low  to 
moderate”  carbon  monoxide  exposures.  In  a  follow-up  study  of  63  CO  victims.  Smith  and 
Brandon  noted  that  a  37  year  old  man  developed  a  myocardial  infarct  a  few  hours  after  an 
accidental  poisoning,  and  experienced  angina  and  intermittent  congestive  heart  failure 
thereafter.35  Another  man  in  the  study,  a  46  year  old,  suffered  angina  on  physical  exertion 
following  his  failed  carbon  monoxide  suicide  attempt.  Although  neither  man  had  problems 
before  their  carbon  monoxide  poisoning,  both  had  family  histories  of  ischemic  heart  disease. 

It  was  traditionally  believed  that  exposure  leading  to  carboxyhemoglobin  levels  below 
20  percent  had  negligible  effects  on  the  body,  but  numerous  researchers  have  reshaped  some 
of  these  ideas.  A  study  in  the  mid-1970’s  showed  that  40  percent  of  patients  with  pre¬ 
existing  heart  disease  experienced  electrocardiographic  abnormalities  and  decreased  angina- 
limited  exercise  tolerance  when  exposed  to  the  Los  Angeles  freeway  for  90  minutes.30 
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Carboxyhemoglobin  levels  in  all  of  these  individuals  were  below  five  percent.  In  a  series  of 
studies.  Dr.  Poul  Astrup,  a  Clinical  Chemistry  Professor  in  Denmark,  found  that  moderate 
carbon  monoxide  levels  in  rabbits  (less  than  20  percent  carboxyhemoglobin)  dramatically 
increased  cholesterol  accumulation  in  the  arteries.23  He  also  showed  that  these  moderate 
levels  cause  vascular  lesions,  possibly  by  causing  intercellular  gaps  in  the  arterial  walls  to 
widen.23  Moderate  levels  of  carbon  monoxide  have  also  been  known  to  increase  the  risk  of 
blood  clots  by  decreasing  intravascular  fluid,  altering  the  fibrinolytic  pathway,  increasing 
platelet  stickiness,  and  promoting  other  cardiovascular  changes.11 

Studies  on  carbon  monoxide’s  effects  on  the  central  nervous  system  at  low  levels  have 
also  been  noteworthy  over  the  years.  Tests  on  human  subjects  indicated  decreased  visual 
acuity  (based  on  impaired  discrimination  of  small  changes  in  light  intensity)  at  two  and  four 
percent  carboxyhemoglobin.23,36,37  In  other  performance  tests,  such  as  the  ability  to  estimate 
time  intervals  or  the  duration  of  auditory  signals  without  a  clock,  individuals  have  been 
reported  to  show  impaired  abilities  at  levels  around  five  percent.23  Although  such  results 
may  seem  insignificant,  carboxyhemoglobin  levels  two  to  three  times  higher  than  these 
amounts  are  not  uncommon  among  equipment  operators,  industrial  workers,  and  automobile 
drivers,  especially  in  those  who  are  moderate  to  heavy  cigarette  smokers.  In  a  lecture  I 
attended  in  1988  at  the  Armed  Forces  Institute  of  Pathology,  Group  Captain  A.J.C.  Balfour 
of  the  Royal  Air  Force  described  a  fatal  nighttime  air  crash.  Although  the  pilot  maintained 
normal  communication  with  ground  personnel,  the  aircraft  gradually  veered  off  course  and 
crashed  into  the  side  of  a  mountain.  The  mishap  investigation  determined  that  equipment 
malfunction  caused  a  carbon  monoxide  leak  into  the  crew  compartment.  At  autopsy,  the 
pilot’s  carboxyhemoglobin  level  was  20  percent,  a  level  “commonly”  associated  with 
headache  and  the  onset  of  coordination  problems.38  Every  individual,  of  course,  can 
experience  different  symptoms  at  different  levels,  but  in  this  particular  case  a  somewhat 
moderate  exposure  to  carbon  monoxide  proved  fatal  for  the  pilot  and  his  crew. 

At  higher  levels  of  carboxyhemoglobin  saturation,  more  severe  conditions  develop  in 
the  cardiovascular  and  central  nervous  systems,  as  well  as  in  other  areas  of  the  body.  Carbon 
monoxide  poisoning  can  cause  cerebral  hemorrhage,  demyelination  of  cerebral  tissues,  and 
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necrosis  of  the  heart,  skeletal  muscles,  kidney  tubules,  and  brain  tissue.  ’  Hearing 

loss  may  result  from  hypoxia  to  the  cochlear  nerve  and  brainstem  nuclei,  while  other,  less 
common  consequences  of  carbon  monoxide  poisoning  include  acute  renal  failure,  aspiration 
pneumonia,  and  peripheral  neuropathies.11  Obviously,  carbon  monoxide  victims  can  suffer  a 
multitude  of  chronic  or  acute  problems  short  of  asphyxial  death.  Quite  often,  those  who 
appear  to  recover  from  a  near-fatal  poisoning  develop  a  wide  range  of  neurological  problems 
weeks  or  even  months  after  the  episode.23’40,41,42  Among  the  more  common  are  alterations  in 
personality  and  cognitive  abilities.  In  Rome,  Italy,  for  example,  a  47  year  old  fireman 
suffered  an  acute  CO  poisoning  in  October  1998  while  fighting  a  fire.42  He  regained 
consciousness  after  two  days  of  intensive  care,  and  remained  agitated  and  confused  for 
several  days  more.  Although  his  neuromuscular  exam  was  nearly  back  to  his  pre-exposure 
condition  within  several  months,  he  had  significant  impairment  of  short-term  memory.  He 
had  difficulty  learning  new  routes  around  the  city,  and  required  lists  in  order  to  accomplish 
the  simplest  tasks.  He  also  showed  some  difficulty  orienting  himself  to  well-known  places. 
His  wife  reported  that  his  personality  had  become  quite  apathetic,  and  that  he  no  longer 
enjoyed  many  of  his  former  activities  42  In  their  study  of  acute  poisoning  survivors.  Smith 
and  Brandon  noted  that  a  full  third  of  them  experienced  personality  deterioration  after 
poisoning,  while  43  percent  reported  some  degree  of  memory  impairment.35  One  of  their 
subjects,  a  normally  developing  six  year  old  who  was  accidentally  exposed  to  carbon 
monoxide,  experienced  severe  intellectual  deterioration  and  developed  a  speech  defect  after 
the  incident 35  Another  case  was  a  33  year  old  healthy,  emotionally  stable  coal  miner  who 
was  exposed  to  carbon  monoxide  in  a  mine  explosion.  He  was  comatose  when  found,  and 
was  subsequently  delirious,  aggressive,  and  irritable  for  several  hours.  After  receiving 
oxygen  therapy  at  a  nearby  hospital,  he  was  released  the  same  day.  However,  following  his 
carbon  monoxide  poisoning  he  became  forgetful,  began  having  difficulty  coping  at  work,  and 
was  occasionally  violent  toward  his  wife.  He  also  became  more  impulsive,  anxious,  and 
paranoid.  A  few  years  after  the  incident  was  arrested  for  assaulting  five  young  girls.35  The 
underlying  disease  process  is  suspected  to  involve  progressive,  diffuse  demyelination  of 
cerebral  white  matter.  Once  a  certain  threshold  of  demyelination  is  reached,  either  through 
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acute,  repetitive,  or  chronic  exposure,  an  irreversible  state  is  reached  and  these  neurological 
sequelae  become  apparent 43  However,  the  entire  pathological  mechanism  is  not  yet  fully 
understood,  and  reliable  predictions  on  an  individual  basis  are  difficult  at  best. 

Other  functions  are  affected  in  addition  to  the  cardiovascular  and  nervous  systems.  One 
key  area  involves  carbon  monoxide’s  effects  on  the  lungs  and  the  potential  for  long-term 
respiratory  complications.  An  early  study  on  mice  showed  that  carbon  monoxide  levels  of  50 
and  90  ppm  began  producing  progressive  changes  in  their  nonciliated  bronchiolar  cells  and 
alveolar  cells  in  as  little  as  17  hours.44  Ambient  carbon  monoxide  concentrations  in  this 
range  can  be  common  in  many  urban  areas,  and,  over  time,  lead  to  carboxyhemoglobin  levels 
of  about  seven  to  fourteen  percent  in  humans  (Appendix  E).  Necrosis  of  sweat  glands  has 
also  been  reported  in  carbon  monoxide  victims,  and  may  severely  impact  the  body’s 
temperature  regulation.39  In  one  particular  study,  all  of  the  patients  who  died  from  carbon 
monoxide  poisoning  were  found  to  have  body  temperatures  of  102  degrees  Fahrenheit  or 
higher.39  Work  in  this  area  has  led  to  the  use  of  hypothermia  in  the  treatment  of  some 
poisoning  cases,  which  reportedly  can  prevent  or  reverse  some  of  the  adverse  effects  on  the 
central  nervous  system.39 

A  final  area  that  deserves  attention  is  carbon  monoxide  exposure  during  pregnancy,  and 
its  effects  on  fetal  and,  later,  neonatal  development.  Easily  crossing  the  placenta  into  the 
fetal  circulation,  CO  has  been  shown  to  decrease  placental  blood  flow,  thereby  further 
hampering  oxygenation  of  fetal  tissue.  Combined  with  its  well-documented  ability  to 
damage  neural  structures,  and  considering  the  vulnerabilities  of  the  developing  fetal  brain, 
there  is  little  wonder  that  even  moderate  levels  of  CO  can  have  devastating  effects,  especially 
during  the  first  trimester.  It  has  been  shown  that  mothers  who  smoke  during  pregnancy  have 
more  premature  births,  lower  birth-weight  babies,  and  more  often  have  infants  with  delayed 
crying  or  other  respiratory  irregularities.23,45  Their  babies  are  also  more  likely  to  develop 
respiratory  illnesses  during  the  first  year  of  life.23  Various  researchers  studying  rabbits, 
monkeys,  and  other  animal  models  have  observed  lower  fertility  rates,  smaller  litter  size,  and 
alarmingly  higher  rates  of  spontaneous  abortion,  fetal  death,  physical  malformations,  and 
severe  neurological  impairment  at  various  maternal  CO  exposure  levels  and  frequencies.23,45 
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Epidemiological  studies  indicate  human  results  are  fairly  consistent  with  these  experimental 
findings.  Fetal  and  neonatal  deaths,  limb  malformations,  various  functional  impairments, 
and  delayed  or  stunted  cognitive  development  have  been  well-documented  following  chronic 
maternal  exposure  or  significant  acute  intoxication45,46’47,48  Further,  the  vasodilatory  effects 
of  carbon  monoxide  has  been  shown  capable  of  causing  postpartum  hemorrhage,  and  perhaps 
other  serious  complications  in  the  mother.49  Still  other  researchers  have  proposed  some 
possible  connections  between  carbon  monoxide  in  the  home  and  sudden  infant  death 
syndrome  (SIDS).50  These  proposals  are  based  on  findings  that  some  SIDS  cases  may  be  due 
to  a  breakdown  in  the  infant’s  ability  to  properly  integrate  life-sustaining  regulatory  systems, 
and  that  exposure  to  low  levels  of  carbon  monoxide  could  be  enough  to  shut  down 
respiratory  control.  They  note  that  mothers  who  smoke  cigarettes  during  pregnancy  and  after 
delivery  have  been  reported  in  41  to  71  percent  of  SIDS  cases.50  Further,  more  SIDS  cases 
occur  between  October  and  March,  and  in  lower  socioeconomic  homes,  which  also  suggests 
carbon  monoxide  or  other  environmental  factors  are  directly  involved.  Although  a  great  deal 
of  additional  work  is  needed  in  this  area,  it  has  been  noted  that  some  of  the  pathologic 
abnormalities  of  both  SIDS  and  carbon  monoxide  poisoning  are  similar  to,  and  consistent 
with,  chronic  hypoxia.50 


BEXAR  COUNTY  DATA 

In  order  to  appreciate  the  public  health  dimension  of  any  particular  issue  a  “public,”  or 
population  must  be  defined.  This  helps  an  interested  reader,  researcher,  or  policy  maker  to 
consider  the  specified  health  risk  (be  it  a  microbe,  a  disease  vector,  a  safety  hazard,  or  an 
environmental  toxin)  in  a  relevant  context.  For  this  particular  review  of  the  hazards  of 
carbon  monoxide,  the  chosen  setting  was  the  CO  experiences  in  Bexar  County,  Texas  over 
the  past  several  decades.  Bexar  County,  which  includes  the  city  of  San  Antonio,  has  a 
current  population  of  about  1.4  million,  as  reported  in  the  2000  census.51  The  goal  was  to 
present  a  descriptive  epidemiological  study  of  the  county’s  nearly  600  CO  deaths  that 
occurred  between  1936  and  1995.  A  more  detailed  demographic  evaluation  of  the  most 
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recent  ten-year  period  (1986  to  1995)  was  accomplished  to  identify  any  higher  risk  groups 
for  possible  “targeted”  public  health  education  efforts. 

Data 

Data  for  this  study  were  obtained  from  an  existing,  anonymous  data  set  maintained  by 
the  San  Antonio  campus  of  the  University  of  Texas  Health  Science  Center  at  Houston’s 
School  of  Public  Health.  In  the  latter  part  of  the  1980’s,  Bexar  County  death  records  from 
1935  through  1985  were  compiled,  coded,  and  edited  with  the  support  of  a  grant  by  the 
National  Institute  of  Child  Health  and  Human  Development,  and  have  been  used  in  several 
local  studies  since  that  time.  Following  the  initial  compilation,  records  for  1986  through 
1995  have  been  provided  periodically  to  the  School  of  Public  Health  by  the  Texas 
Department  of  Health,  and  the  database  has  been  updated  accordingly. 

Each  death  record  in  the  database  (n=369,900)  provided  the  year  of  death,  year  of  birth, 
and  age  at  death  for  each  of  the  deceased,  along  with  a  random  numeric  identification  code 
assigned  for  tracking  purposes.  Also  shown  were  the  underlying  cause  of  death  and  up  to  14 
associated  causes  of  death  (by  ICD-9  codes),  plus  basic  demographic  data  such  as  gender, 
race,  marital  status,  and  general  residence  area  (listed  as  “San  Antonio,”  “other  urban  county 
areas,”  “rural  Bexar  County,”  “other  Texas  county,”  etc  ).  Fields  were  also  present  for  listing 
broad  occupational  areas  and  for  identifying  deaths  from  job-related  injuries,  but 
unfortunately  the  entries  in  these  fields  were  sporadic  and  quite  incomplete.  From  this 
database  a  total  of  588  cases  were  identified  and  extracted  which  involved  carbon  monoxide 
poisoning.  Although  carbon  monoxide  was  not  the  underlying  (primary)  cause  of  death  in 
every  instance,  a  “case”  was  defined  as  a  death  in  which  either  the  underlying  or  one  of  the 
associated  causes  of  death  included  a  reference  to  CO  toxicity.  A  listing  of  the  ICD-9  codes 
(and  their  corresponding  text  descriptions)  used  during  the  database  search,  as  well  as  those 
incidentally  encountered  in  the  extracted  cases,  is  shown  in  Appendix  G.  The  588  cases  and 
the  codes  for  the  table  listings  are  provided  for  reference  in  Appendices  H  and  I. 

Historical  population  data  for  Bexar  County  were  obtained  from  U.S.  Census  Bureau 
statistics.51,52  Population  data  of  interest  included  total  county  population  figures  for  each  of 
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the  decennial  censuses  from  1900-2000  and  county  sub-population  estimates  by  age,  sex, 
race,  and  Hispanic  ethnicity  for  1990.  These  data  are  shown  in  Appendices  J  and  K. 


Methods 

Based  on  the  ICD-9  codings,  the  manner  of  death  was  determined  for  each  of  the  588 
cases  and  added  to  the  data  as  the  new  variable  mod.  “Manner  of  death”  classifies  a  given 
death  as  either  natural,  accidental,  suicide,  homicide,  or  undetermined.  Obviously,  the  nature 
of  carbon  monoxide  poisoning  essentially  excludes  the  possibility  of  any  cases  being  truly 
“natural”  deaths.  Homicides  involving  use  of  CO  to  poison  another  person  occur  from  time 
to  time,  but  none  were  found  among  the  Bexar  County  data.  Therefore,  all  588  cases  were 
classified  as  either  suicidal  (ns=321),  accidental  (na=258),  or  undetermined  (nu=9).  Because 
of  the  uncertainty  surrounding  the  nine  undetermined  deaths,  they  have  been  listed  to  allow  a 
more  detailed  review  in  Appendix  L.  These  deaths,  as  well  as  several  other  cases  involving 
somewhat  unusual  or  “interesting”  circumstances,  are  discussed  in  more  detail  below. 

To  streamline  the  analysis  the  study  period  was  divided  into  12  separate  five-year 
groups:  “1936-1940”  through  “1991-1996,”  with  the  death  data  grouped  accordingly.  The 
year  1935  was  omitted  so  that  12  equal  periods  could  be  evaluated  and  compared.  It  should 
be  noted  that  one  CO-related  death,  the  suicide  of  a  57  year  old  non-Hispanic  white  female, 
occurred  that  year.  (This  would  have  represented  a  589th  case.) 

Using  the  census  figures  for  Bexar  County  (Appendix  J),  population  estimates  for  the 
central  year  of  each  five-year  study  period  were  determined  by  linear  interpolation  between 
the  corresponding  decennial  censuses.  For  example,  the  population  for  1938  (central  year  of 
the  1936-1940  period)  was  estimated  as:  P1938  =  P1930  +  ( 0.8  )( P1940  -  P1930)  Similar 
calculations  were  done  for  each  of  the  12  periods  studied.  This  allowed  standardization  of 
crude  five-year  death  rates  to  five-year  deaths  per  million  residents. 

Following  calculation  of  the  overall  death  rates  by  manner  of  death  for  the  60-year  study 
period,  a  more  detailed  review  of  the  final  ten  years  (1986-1995)  was  done  in  order  to 
highlight  any  recent  trends  or  higher  risk  groups.  Demographic  factors  of  specific  interest 
included  age,  sex,  race,  Hispanic  ethnicity,  occupation,  and  occupational-related  CO 
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exposure.  An  attempt  was  also  made  to  detect  and  evaluate  instances  of  multiple-victim 
poisonings. 

Results 

The  carbon  monoxide  deaths  experienced  in  Bexar  County  during  each  year  from  1936 
through  1995  are  listed  in  Table  1  below,  and  are  shown  graphically  in  Figure  1  on  the  next 
page.  The  annual  breakdown  by  manner  of  death  for  each  year  is  also  shown. 

The  raw  death  figures  were  then  grouped  into  12  five-year  periods  (1936-40  through 
1991-95)  to  aid  evaluation  and  comparison.  These  grouped  results  are  shown  on  Table  2  on 
page  16,  and  in  Figure  2  on  page  17. 

As  described  previously,  the  crude  five-year  death  rates  from  Table  2  and  Figure  2  were 
then  standardized  to  account  for  population  growth  in  Bexar  County  during  the  60-year 
period  being  reviewed.  Overall  carbon  monoxide  death  rates,  along  with  the  rates  for  each 
manner  of  death,  were  calculated  per  million  county  residents  for  the  12  five-year  periods. 
The  results,  which  allow  clearer  comparisons  of  rates  and  trends  than  do  the  raw  data,  are 
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Table  1.  Annual  carbon  monoxide  deaths  in  Bexar  County  by  manner  of  death, 
1936-1995 


0  Suicides  □  Accidents  H  Undetermined 

Figure  1.  Annual  carbon  monoxide  deaths  in  Bexar  County,  by  manner  of  death,  1936-1995 

shown  in  Table  3  and  Figure  3  on  page  18. 

Overall,  the  carbon  monoxide  related  death  rates  in  Bexar  County  during  the  60  year 
period  1936  to  1995  were  relatively  stable  at  about  30  to  40  deaths  per  million  residents 


Table  2.  Five-year  CO  death  rates  in  Bexar  County  by  manner  of  death,  1936-40 
to  1991-95 
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Figure  2.  Five-year  CO  death  rates  in  Bexar  County,  by  manner  of  death,  1936-40  to  1991-95 

during  each  five  year  period  from  1936-40  through  1951-55.  This  was  followed  by  a  marked 
increase  (3  to  4  times  these  rates)  from  1956-60  through  1966-70.  The  highest  death  rate  was 
121  deaths  per  million,  which  occurred  during  the  1966-1970  period.  These  high  rates  were 
followed  by  a  gradual  decline  back  to  about  40  deaths  per  million  per  five  years  by  the  final 
period  of  the  study,  1991-95.  Much  of  the  increase  noted  between  1956  and  1970  was  due  to 
higher  numbers  of  accidental  deaths.  Accidental  deaths  then  fell  markedly,  and  have 
remained  quite  low  since  1980.  An  increase  in  rates  of  carbon  monoxide  suicides  is  also 
apparent  during  the  1960’s  and  early  1970’s.  Suicide  rates  peaked  about  the  same  time  as 
accident  rates;  however,  accidental  death  rates  increased  and  declined  more  rapidly  than 
suicides.  As  a  result,  accidental  carbon  monoxide  death  rates  have  recently  fallen  below  the 
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it's 

1936-1940 

18.23 

18.23 

0 

36.47 

1941-1945 

18.09 

15.51 

0 

33.60 

23.50 

12.82 

0 

36.32 

1951-1955 

25.16 

1.80 

0 

26.96 

1956-1960 

27.70 

72.33 

0 

100.03 

1961-1965 

58.89 

43.83 

0 

102.72 

1966-1970 

53.63 

3.74 

120.98 

1971-1975 

43.28 

38.73 

1.14 

83.15 

1976-1980 

27.16 

34.48 

3.13 

64.78 

1981-1985 

33.40 

18.13 

0 

51.54 

1986-1990 

35.77 

10.47 

0 

46.24 

31.26 

8.82 

1.60 

41.68 

Table  3.  Five-year  CO  death  rates  in  Bexar  County,  by  manner  of  death,  per 
million  residents,  1936-40  to  1991-95 


B  Suicide  O  Accidental  0  Undetermined 

Figure  3.  Five-year  CO  death  rates  in  Bexar  County,  by  manner  of  death,  per  million  residents, 
1936-40  to  1991-95 
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rates  noted  for  the  1930’s  and  1940’s,  while  suicides  have  remained  approximately  one  and  a 
half  times  as  high  as  their  pre-1950  rates. 

Closer  inspection  of  the  data  for  1986-1995  examined  the  various  sub-populations  by 
age,  sex,  race,  and  Hispanic  ethnicity.  It  was  originally  hoped  that  a  comparison  could  be 
made  between  occupational-related  accidental  deaths  and  domestic  accidents,  and  that  higher 
risk  occupations  could  be  identified.  Unfortunately,  the  data  presented  some  very  serious 
limitations  here.  Of  the  588  total  cases  there  were  only  six  work-related  accidental  deaths 
listed.  Five  others  were  occupational-related  CO  suicides,  while  419  were  coded  as  not 
work-related.  In  71  cases  no  information  regarding  occupational-relatedness  had  been  listed 
on  the  death  certificates,  and  one  death  was  coded  as  “unknown.”  The  greatest  obstacle, 
however,  was  that  86  cases  (all  occurring  between  1986  and  1995,  and  accounting  for  82 
percent  of  the  cases  during  that  period)  were  coded  improperly.  As  shown  in  Appendices  H 
and  I,  they  were  coded  as  “2,”  which  was  not  a  defined  value  for  this  variable.  Attempts  to 
interpret  and  correct  the  miscoding  with  any  degree  of  confidence  were  unsuccessful. 

Other  demographic  considerations  for  the  1986-1995  period  were  more  fruitful.  Table  4 
below,  and  Figure  4  on  page  20,  show  the  gender  variation  among  the  588  carbon  monoxide 
deaths  studied.  When  gender  is  regarded  as  a  single  variable,  the  data  indicate  that  males  die 
from  accidental  CO  exposure  five  times  more  often  than  females,  and  commit  suicide  using 
carbon  monoxide  more  than  two  and  a  half  times  as  often.  In  order  to  more  fully  explore 
these  variations,  gender  differences  were  examined  in  each  of  the  demographic  evaluations 
(age,  ethnicity,  and  race)  that  followed. 

The  distribution  of  CO  deaths  by  10-year  age  groups  ranging  from  pre-teen  (0-9  years) 
through  age  “70  and  over”  is  shown  in  Table  5  and  Figure  5  on  page  21.  These  data  indicate 
a  noticeable  trend  in  the  distribution  of  carbon  monoxide  deaths  that  increases  to  a  high  in  the 
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57 

98.94 

19 
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Table  4.  Ten-year  CO  death  rates  in  Bexar  County  by  sex  and  manner  of  death,  1986-1995 
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Figure  4.  Ten-year  CO  death  rates  in  Bexar  County  by  sex  and  manner  of  death,  1986-1995 


fourth  decade  of  life  (age  30-39),  and  then  essentially  levels  for  several  decades  before 
dropping  to  about  50  deaths  per  million  among  those  age  70  and  over.  Interestingly, 
this  most  elderly  group  experienced  approximately  equal  rates  of  CO  suicides  and  accidental 
deaths.  Among  the  very  young,  teenagers  experienced  carbon  monoxide  suicides,  but  did  not 
succumb  to  accidental  CO  poisonings  during  the  1986-1995  period.  Not  too  surprisingly, 
there  were  no  CO  suicides  in  pre-teens. 

Regarding  racial  differences,  it  should  first  be  noted  that  in  Bexar  County  Hispanic 
whites  and  non-Hispanic  whites  account  for  91  percent  of  the  county’s  total  population  (49.1 
percent  are  Hispanic  whites  and  41.8  percent  are  non-Hispanic  whites),  with  the  next  largest 
sub-population  being  blacks  (7.3  percent  of  the  total  population).52  Therefore,  Hispanic 
ethnicity  (rather  than  race  per  se)  has  traditionally  played  a  greater  demographic  role  in  this 
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94.49 
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104.25 

19 
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Table  5.  Ten-year  CO  death  rates  in  Bexar  County  by  age,  sex,  and  manner  of  death, 
1986-1995 
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Figure  5.  Ten-year  CO  death  rates  in  Bexar  County  by  age  and  manner  of  death,  1986-1995 
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part  of  Texas.  Furthermore,  census  data  report  that  98.5  percent  of  Bexar  County  Hispanics 
are  racially  white  (see  Appendix  K).  Therefore,  for  the  purposes  of  this  study,  I  considered 
race  and  ethnicity  using  the  following  four  groups:  Hispanic  whites,  non-Hispanic  whites, 
blacks,  and  “other.”  Results  for  race  and  Hispanic  ethnicity  are  shown  on  Table  6  below,  and 
Figure  6  on  page  23. 

As  shown,  the  death  rates  due  to  accidental  carbon  monoxide  poisoning  are  quite  similar 
for  Hispanics,  non-Hispanics,  and  blacks  (18  to  23  deaths  per  million  during  1986-1995),  and 
rate  of  48  deaths  per  million  overall,  and  85  deaths  per  million  among  “other  race”  females. 

Suicide  rates  showed  some  interesting  racial  and  ethnic  differences.  Carbon  monoxide 
suicides  within  the  Hispanic  population  were  quite  lower,  for  both  sexes,  than  among  non- 
Hispanics  whites.  In  fact,  non-Hispanic  white  men  intentionally  killed  themselves  by  this 
method  nearly  eight  times  more  often  than  their  Hispanic  neighbors.  The  difference  among 
women  in  these  two  groups  was  even  more  startling:  the  non-Hispanic  white  female  suicide 
rate  by  carbon  monoxide  was  twelve  times  as  high  as  that  for  Hispanic  female  CO  suicides. 
Blacks,  as  a  race,  more  closely  resembled  the  suicide  rates  of  Hispanics.  A  closer  look, 
however,  revealed  there  were  only  two  black  suicides  by  CO,  and  both  were  males.  This 
resulted  in  a  black  male  suicide  rate  twice  as  high  as  Hispanic  males,  but  still  only  a  quarter 
as  high  as  non-Hispanic  white  males.  Suicides  among  members  of  “other”  races  consisted  of 
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1.74 

77 
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Table  6.  Ten-year  CO  death  rates  in  Bexar  County  by  race  or  Hispanic  ethnicity,  sex, 
and  manner  of  death,  1986-1995 
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Figure  6.  Ten-year  CO  death  rates  in  Bexar  County  by  race  or  Hispanic  ethnicity  and  manner 
of  death,  1986-1995 

only  two,  both  committed  by  Asian  males.  Given  the  small  percentage  of  “other”  racial 
groups  in  the  county  (less  than  2  percent),  these  two  suicides  produced  the  rates  that  are 
shown  in  Table  6  and  Figure  6. 

Discussion 

Important  issues  in  any  fatal  event  are  the  determinations  of  cause  and  manner  of  death. 
Cause  of  death  deals  with  the  pathological  processes  that  brought  about  the  person’s  demise, 
while  manner  of  death  is  a  medicolegal  determination  as  to  the  circumstances  surrounding 
the  processes  that  led  to  the  death.  This  study  specifically  selected  the  588  deaths  that 
occurred  in  Bexar  County,  Texas  between  1936  and  1995  that  involved  carbon  monoxide 
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toxicity  as  either  the  underlying  or  an  associated  cause  of  death.  These  cases  were  then 
divided  according  to  manner  of  death  (natural,  accidental,  suicide,  homicide,  or 
undetermined).  As  previously  mentioned,  deaths  due  to  carbon  monoxide  poisoning  are,  by 
definition,  not  “natural.”  However,  relatively  low  CO  levels  can  and  do  become  lethal  for 
individuals  with  compromised  cardiac  or  respiratory  functions,  as  well  as  other  acute  or 
chronic  illnesses.  The  588  cases  reviewed  in  this  study  revealed  several  deaths  involving 
such  a  combination  of  acute  carbon  monoxide  exposure  and  pre-existing  medical  conditions. 
A  76  year  old  woman  died  in  1959  of  an  acute  myocardial  infarct  and  CO  toxicity,  and  a  66 
year  old  man  with  unspecified  cardiovascular  disease  died  of  cardiac  complications  after  a 
carbon  monoxide  exposure  in  1990.  In  1975,  a  25  year  old  man  with  pneumonia  died  when 
the  illness  was  aggravated  by  carbon  monoxide.  In  all  of  these  cases,  since  the  CO  exposures 
were  unintentional  the  deaths  were  appropriately  ruled  accidental.  Even  if  the  carbon 
monoxide  levels  may  have  been  non-lethal  in  healthier  victims,  the  natural  disease  processes 
alone  would  not  have  caused  the  patients’  deaths  at  that  particular  time  had  it  not  been  for  the 
added  stress  of  the  carbon  monoxide.  A  more  complicated  case,  however,  involved  a  23  year 
old  man  whose  primary  cause  of  death  was  thyrotoxicosis.  He  also  had  cardiac  dysrhythmias 
(and  ultimately  cardiac  arrest),  a  carbon  monoxide  exposure,  and  an  unspecified  trauma 
which  brought  about  an  intracranial  hemorrhage  and  a  liver  injury.  A  variety  of  possible 
scenarios  could  be  imagined  leading  to  this  man’s  demise  in  1970,  but,  without  further 
information  (and  primarily  because  the  cause  of  the  carbon  monoxide  exposure  was  listed  as 
“undetermined  whether  intentional  or  accidental”),  the  manner  of  death  was  classified  as 
undetermined.  Overall,  nine  of  the  588  carbon  monoxide  associated  deaths  in  this  study  were 
listed  as  undetermined.  Each  was  reviewed  in  as  much  detail  as  available,  and  summarized 
in  Appendix  L. 

Before  discussing  suicidal  and  accidental  CO  fatalities,  a  few  words  about  homicides 
should  be  mentioned.  As  noted  earlier,  homicidal  carbon  monoxide  poisonings  are  relatively 
uncommon  but  certainly  do  occur  from  time  to  time.  Although  none  were  reported  or 
identified  in  Bexar  County  from  1936-1995,  a  news  item  from  the  west  coast  appeared  while 
I  was  compiling  information  for  this  thesis.18  According  to  the  report,  a  California  father  was 
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charged  with  killing  five  of  his  six  children  (ages  2  to  10)  in  an  attempted  murder/suicide  by 
intentionally  lighting  a  charcoal  grill  in  the  living  room.  Only  the  man  and  a  nine-year-old 
daughter  survived,  and  both  remained  hospitalized.  The  investigation  ruled  out  any  possible 
heating  or  cooking  efforts;  homicidal  intent  was  evident,  and  motive  appeared  to  be  related  to 
marital  discord. 

Regarding  accidental  CO  poisonings,  it  was  not  surprising  that  the  vast  majority  of  the 
unintentional  deaths  involved  fires  in  private  dwellings  or  carbon  monoxide  ingestion  from 
other  conflagrations.  Several  of  the  rarer  accidents  included  six  separate  instances  of 
accidental  ignition  of  clothing,  and  two  cases  of  bed  linen  fires.  In  1967,  a  59  year  old 
woman  died  of  alcohol  dependence  syndrome,  with  an  associated  carbon  monoxide 
poisoning.  As  mentioned  earlier,  data  limitations  hindered  a  comparison  of  domestic  versus 
occupational  carbon  monoxide  deaths,  in  that  needed  data  was  unavailable  for  157  (27%)  of 
the  cases.  Of  the  six  known  work-related  CO  fatalities  from  1936-1995,  all  were  men 
between  the  ages  of  3 1  and  61,  and  no  two  cases  occurred  in  the  same  year.  Occupations  of 
the  victims  included  two  transportation/equipment  operators  (both  died  from  accidental 
exposure  to  motor  vehicle  exhaust),  two  general  service  workers  (no  information  other  than 
“carbon  monoxide  intoxication”  was  available),  and  two  who  worked  as  management  or 
administrative  personnel  (one  died  from  motor  vehicle  exhaust,  while  the  other  was  a 
passenger  on  an  aircraft  when  the  CO  exposure  occurred).  Overall,  accidental  deaths 
accounted  for  258  of  the  588  carbon  monoxide  fatalities  (44  percent)  reported  in  Bexar 
County  from  1936  through  1995. 

During  this  same  60-year  period  Bexar  County  experienced  321  suicides  involving 
carbon  monoxide  (55  percent  of  the  total  CO  deaths).  Many  involved  the  use  of  automobile 
exhaust  or  combustion  gases  from  domestic  fuels,  and  at  least  five  occurred  at  the 
individual’s  place  of  employment  or  involved  work  vehicles.  In  five  other  cases,  rather 
determined  individuals  employed  multiple  methods  to  ensure  their  deaths:  three  were  coded 
as  suicidal  hangings  with  accompanying  carbon  monoxide,  and  two  were  listed  as  primarily 
suffocation  deaths  with  CO  as  an  associated  cause.  A  lengthy  discussion  regarding  suicidal 
methods  of  choice  is  beyond  the  scope  of  this  study;  however,  it  should  be  pointed  out  that 
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the  rates  of  carbon  monoxide  suicides  among  the  various  demographic  groups  (and  among 
individuals  in  any  group  or  geographic  area)  should  not  be  expected  to  be  indicative  of 
suicide  rates  in  general.  On  the  other  hand,  although  carbon  monoxide  is  not  typically 
among  the  top  suicidal  methods  of  choice  in  this  country,  it  does,  unfortunately,  offer  a 
painless,  inexpensive,  easily  available,  relatively  discreet,  and  extremely  lethal  option  to 
many  who  are  seeking  self-destruction. 

Regarding  the  trends  in  the  carbon  monoxide  deaths  noted  for  Bexar  County  from  1936- 
1995,  several  possible  explanations  seem  reasonable,  although  additional  data  or  broader 
studies  would  be  needed  to  confirm  them.  As  noted  earlier,  there  Was  a  sharp  rise  in 
accidental  poisonings  in  the  late  1950’s,  followed  by  a  gradual  decrease  after  1970  to  levels 
even  lower  than  those  of  the  earliest  period  studied  (1936-1940).  This  seems  to  coincide 
with  trends  in  urbanization,  industrialization,  and  a  general  increased  reliance  on  mechanized 
equipment  (both  at  home  and  at  work)  following  World  War  II.  Later,  increasing  hazard 
awareness,  improved  consumer  and  product  safety,  stricter  air  quality  standards,  and  lower 
emission  levels  likely  brought  about  and  sustained  the  lower  accident  rates.  As  for  suicide 
trends,  once  again  the  motives  for  selecting  a  particular  method  of  suicide  can  be  quite 
variable.  Certain  underlying  factors  as  personal  stress  levels,  increasing  social  complexity  or 
disorder,  growing  population  density,  civil  unrest,  wars,  and  political  turmoil  could  be 
expected  to  effect  the  overall  incidence  of  suicide  in  a  given  population.  And,  as  already 
noted,  different  racial  or  ethnic  groups  have  noticeably  higher  or  lower  rates.  Further,  some 
of  the  things  that  effect  the  incidence  of  a  specific  suicide  method  include  availability  of 
items  needed  to  enact  the  attempt,  the  modeling  or  “copying”  of  recent  or  familiar  suicides, 
and  the  individual’s  level  of  impulsivity  as  well  as  other  mental  status  considerations.  Any  of 
these,  and  no  doubt  several  others,  likely  had  a  role  in  influencing  the  carbon  monoxide 
suicide  trends  observed  in  Bexar  County.  Also,  use  of  direct  adjusted  rates  may  have 
identified  additional  differences  in  death  rates  due  to  gradual  changes  in  the  age  or  other 
demographic  composition  of  the  study  population.  Future  work  in  this  area  may  reveal 
additional,  interesting  findings. 
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Another  area  of  particular  interest  was  the  occurrence  of  any  multiple  or  “mass”  carbon 
monoxide  poisonings.  Occasionally,  two  or  more  deaths  with  similar  underlying  causes  and 
demographic  characteristics  appear  sequentially  in  the  database  (see  Appendix  H),  but 
unfortunately  there  were  no  specific  links  in  the  existing  data  set  to  fully  identify  such  events. 
An  extensive  study  of  the  original  death  certificates  was  outside  the  proposed  scope  of  this 
investigation,  but  would  have  been  able  to  detect  concurrent  deaths.  However,  in  addition  to 
the  recent  California  murder  case  mentioned  earlier,  there  was  a  multiple  carbon  monoxide 
death  case  in  San  Antonio  in  early  2002. 16,17  One  of  a  pair  of  friends  left  his  car  running  in 
the  garage,  reportedly  to  charge  the  battery,  and  apparently  forgot  to  turn  it  off.  Both  men 
subsequently  died  during  the  night,  and  were  found  by  a  female  friend  the  following 
morning.  Fortunately,  many  other  cases  of  multiple  intoxications  have  happier  endings,  with 
someone  recognizing  the  problem  in  time,  and  all  (or  most)  of  the  victims  survive.  I  was  told 
informally  of  one  such  family,  treated  in  early  2002  at  Wilford  Hall  Medical  Center,  one  of 
San  Antonio’s  three  level  one  trauma  centers.  The  family  members  included  several  children 
and  adults,  and  each  victim  in  that  case  was  discharged  with  a  good  prognosis  after 
appropriate  treatment,  testing,  and  observation. 

Given  the  background  information  and  the  results  obtained  through  this  study,  questions 
regarding  ways  to  improve  public  awareness  and  education  seem  to  naturally  follow.  Utility 
companies,  for  example,  occupy  an  important  position  in  this  regard.  As  suppliers  of  energy 
and  fuels,  particularly  fuels  for  domestic  use,  utility  companies  are  in  a  position  to  not  only 
educate  their  customers  about  relevant  hazards,  they  can  take  an  active  role  in  public  health 
and  safety.  I  was  therefore  pleased  to  see  a  carbon  monoxide  warning  on  my  December  2001 
bill  from  City  Public  Service  (CPS).  An  announcement,  safety  warning,  or  energy 
conservation  tip  is  generally  printed  on  each  monthly  statement.  The  December  warning 
read: 

***  CARBON  MONOXIDE  (CO)  POISONING  *** 

A  DIRTY  OR  FAULTY  HEATING  SYSTEM  CAN  PRODUCE  CARBON  MONOXIDE.  THE 
COLORLESS,  TASTELESS  AND  ODORLESS  GAS  PROVOKES  FLU-LIKE  SYMPTOMS. 
EXPOSURE  TO  CARBON  MONOXIDE  (CO)  FOR  EXTENDED  PERIODS  CAN  LEAD  TO 
UNCONSCIOUSNESS,  BRAIN  DAMAGE  OR  DEATH.  PLEASE  HAVE  YOUR  HEATING 
EQUIPMENT  CHECKED  NOW  BY  A  LICENSED  CONTRACTOR. 
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The  warning  hit  the  most  important  points,  including  symptoms  to  watch  for,  how  serious 
CO  poisoning  can  be,  and  how  easily  the  risk  can  be  minimized.  I  called  CPS  to  find  out 
how  one  might  report  a  “suspected  carbon  monoxide  leak,”  and  learned  that  CPS  does  not 
test,  repair,  or  respond  in  any  other  way  to  problems  inside  an  individual  home.  Other  than 
promising  to  send  a  list  of  potential  servicing  contractors,  they  offer  customers  nothing  in  the 
way  of  emergency  referral  or  other  suggested  actions.  Interestingly,  six  weeks  elapsed 
before  the  list  was  mailed,  and  a  few  days  more  before  I  received  it.  Fortunately,  I  had  no 
suspected  leak.  I  also  felt  fortunate  that  I  could  have  found  a  contractor  on  my  own  if 
needed,  and  that  I  knew  a  little  more  about  carbon  monoxide  than  the  average  CPS  customer. 
Overall,  CPS  gets  credit  for  sending  out  a  nice  hazard  warning,  but  they  might  consider  being 
a  bit  more  helpful  if  a  customer  actually  thinks  he  has  a  problem.  I  found  myself  wondering 
how  responsive  utility  companies  are  in  other  (colder)  parts  of  the  country. 

Another  area  that  lends  itself  to  public  education  and  hazard  awareness  is  consumer 
product  information  and  warnings.  A  large  number  of  common  household  items  generate 
carbon  monoxide,  even  when  functioning  properly  (charcoal  grills,  gasoline  generators, 
heating  units,  lawn  mowers,  and  so  forth).  Indeed,  charcoal  briquettes  seem  to  have  a 
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particularly  notorious  place  in  the  accidental  CO  literature.  ’ 

The  stated  (or  perhaps  the  “traditional”)  intent  of  instruction  booklets,  operators’ 
manuals,  product  information  bulletins,  and  similar  publications  is  to  instruct  on  the  safe  and 
proper  use  of  the  item.  They  raise  the  user’s  awareness  of  inherent  hazards,  and  provide 
specific,  appropriate  warnings.  In  other  words,  they  are  intended  to  protect  public  health. 
Admittedly,  the  truest  reason  for  most  of  what  is  written  in  these  booklets  and  on  warning 
labels  these  days  is  likely  aimed  at  “tertiary  prevention”  ...of  lawsuits.  Never  the  less,  an 
informal  survey  of  several  product  information  sheets  revealed,  for  the  most  part,  adequate 
warnings  about  the  production  of  CO  and  prevention  of  CO  poisoning.  Charcoal  is  not  to  be 
lit  or  used  indoors,  or  even  outdoors  in  poorly  ventilated  areas;  gasoline-powered  chainsaws, 
leaf-blowers,  snow-throwers,  air  compressors,  and  generators  universally  had  carbon 
monoxide  warnings  in  addition  to  the  required  cautions  about  keeping  any  moving  blades 
away  from  your  face,  pets,  and  small  children.  A  few  warnings  even  made  reference  to  how 
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quickly  CO  can  build  to  dangerous  levels  in  confined  spaces,  and  all  of  them  warned  users 
not  to  leave  the  products  operating  when  unattended.  Warnings  seem,  therefore,  to  be 
“available”  and  of  appropriate  content.  The  key  issues  remaining,  of  course,  are  compliance 
and  “operator  error.” 

Public  awareness  and  behavior  is  also  influenced  by  the  media.  Aside  from  barber  shop 
banter  and  impromptu  group-therapy  sessions  during  happy  hour,  the  average  citizen  tends  to 
rely  on  television  news  broadcasts,  local  papers,  the  Internet,  and  TV  commercials  for  much 
of  his  or  her  information.  Once  again,  an  informal  survey  of  some  of  these  media  was  done 
to  detect  the  topic  of  carbon  monoxide,  and  any  warnings  as  to  its  public  health  threat.  Not 
surprisingly,  news  reports,  both  televised  and  in  print,  tend  to  only  occur  after  a  local 
incident.  As  an  addendum  to  a  brief  report  on  the  two  San  Antonio  men  killed  this  past 
January,  one  local  news  station  aired  a  two-minute  “special  report”  on  the  dangers  of  carbon 
monoxide  exposure.  While  it  most  likely  helped  raise  viewers’  awareness,  some  of  the 
statements  made  could  have  been  a  little  more  accurate  had  the  reporter  spent  more  time 
learning  the  facts  rather  than  focusing  on  the  dramatics.  A  particularly  interesting  quote  was: 

Eventually  what  happens,  the  experts  tell  me,  is  that  the  carbon  monoxide  prevents 
the  oxygen  from  getting  into  the  lungs.  So  they  describe  it  this  way:  that  a  person 
essentially  suffocates  from  the  inside  out!16 

Highway  billboards  may  offer  another  way  to  keep  the  public  thinking  of  hazards  like 
carbon  monoxide.  Ads  concerning  diabetes,  symptoms  of  heart  attack  and  stroke,  the 
dangers  of  smoking,  signs  of  depression,  cosmetic  surgery  options,  pregnancy  counseling, 
breast  reduction,  vasectomy  reversal,  and  a  multitude  of  other  vital  health  concerns  are 
already  quite  visible  along  Bexar  County  highways.  Why  not  carbon  monoxide? 


CONCLUSION 

Claiming  the  lives  of  three  to  four  thousand  Americans  each  year,  carbon  monoxide  is 
the  leading  cause  of  poisoning  deaths  in  this  country.  Interestingly,  it  does  not  seem  to  get 
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the  same  attention  as  many  other  hazardous  substances,  perhaps  because  of  its  perceived 
familiarity.  Never  the  less,  it  remains  an  ever-present  danger;  and  a  “silent  killer.” 

Although  this  particular  study  focused  on  fatal  carbon  monoxide  poisonings,  it  is 
important  to  remember  that  there  are  far  greater  numbers  of  victims  than  those  most 
unfortunate  ones.  The  sub-lethal  effects  and  long-term  consequences  of  CO  intoxication  are 
many,  varied,  and  often  only  slightly  less  damaging  than  death. 

The  recent  carbon  monoxide  deaths  in  Bexar  County,  Texas,  seem  fairly  consistent  with 
national  trends,  considering  its  generally  warmer  climate  and  its  demographic  make-up.  This 
is  not  to  imply,  however,  that  continued  vigilance  and  public  awareness  education  should  not 
continue  (or  begin!).  Such  awareness  may  be  the  only  key  to  detecting  the  next  faulty 
heating  system,  and  preventing  a  domestic  or  occupational  disaster  in  the  process. 

Other  public  health  concerns  involve  consideration  for  the  low-level  effects  of  CO  in 
certain,  potentially  dangerous  situations.  Given  its  effects  on  the  central  nervous  system,  one 
cannot  help  but  wonder  how  many  other  injuries  or  deaths  carbon  monoxide  might  actually 
have  a  hidden  role  in,  even  when  a  pre-existing  disease  is  not  involved.  How  many  fatal 
traffic  accidents,  for  example,  may  actually  result  from  drowsiness,  nausea,  impaired 
judgment,  slowed  reflexes,  or  decreased  visual  acuity  brought  on  by  low  to  moderate  carbon 
monoxide  exposure?  Similar  questions  could  be  asked  about  accidents  occurring  in  factories, 
on  construction  sites,  in  homes,  or  practically  anywhere.  Although  difficult  to  answer  with 
any  authority,  questions  like  these  must  not  be  overlooked  if  the  true  potential  of  carbon 
monoxide’s  devastating  effects  are  to  be  understood. 


RECOMMENDATIONS 

Happily,  accidental  carbon  monoxide  deaths  appear  to  have  decreased  in  frequency  over 
the  last  half  century.  The  next  steps  would  appear  to  include  more  detail  demographic 
studies  over  a  broader  area,  continued  emphasis  on  public  awareness,  ongoing  suicide 
prevention  programs,  and  additional  public  health  studies  of  non-lethal  poisonings  and  their 
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outcomes.  Only  through  these  kinds  of  efforts  will  the  rates  of  carbon  monoxide  morbidity 
and  mortality  likely  continue  to  decrease. 

One  interesting  study  would  be  to  assess  population  “background”  blood 
carboxyhemoglobin  levels  as  a  measure  of  average  local,  chronic  exposure.  This  could  be 
accomplished  through  random  blood  tests,  although  expense  and  adequate  sampling  may  be 
prohibitive.  A  study  involving  hospital  emergency  department  data  was  initially  considered 
for  this  project,  however  contact  with  several  San  Antonio  hospitals  led  to  serious  doubts 
about  accurate  data  retrieval,  and  further  concerns  as  to  completeness  of  the  information.  It 
became  apparent  that  this  type  of  data  is  not  as  diligently  documented  as  are  trauma  cases, 
and  the  subjective  “chief  complaint”  in  cases  such  as  “nausea,”  “difficulty  breathing,”  or 
“dizziness”  is  often  simply  repeated  as  the  discharge  diagnosis.  Obviously,  the  wide  variety 
of  presenting  signs  and  symptoms  that  can  be  associated  with  CO  intoxication,  coupled  with 
findings  that  some  hospitals’  new  computer  systems  could  provide  only  several  months  of 
potential  data  retrieval,  prompted  me  to  focus  instead  on  the  historical  county  death  data, 
which  was  more  readily  available.  Another  potentially  useful  study  would  involve  a  survey 
of  the  various  contractors  who  test  and  repair  home  heating  systems.  Potential  data  there 
might  include  geographic  distribution  and  demographic  information  on  the  help  calls,  CO 
levels  found  in  the  homes,  number  of  persons  in  the  effected  households,  and  so  on. 

In  any  event,  this  study  will  perhaps  provide  at  least  a  starting  point  for  efforts  to 
improving  local  CO  hazard  awareness.  Hopefully,  continued  work  in  this  area  will  help 
Bexar  County’s  death  rates  to  continue  to  decline  in  the  decades  ahead. 
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Oxyhemoglobin  or  Carboxyhemoglobin  Saturation  (percent) 


APPENDIX  B 


Normalized  oxygen  (blue)  and  carbon  monoxide  (red)  dissociation  curves  (scaled 
for  comparison).  Carbon  monoxide  shows  a  greater  degree  of  cooperative  binding.* 


Blood  Oxygen  or  Carbon  Monoxide  Tension 
(axis  has  been  scaled  for  comparison) 


‘Adapted  from:  DiCera  E,  Doyle  ML,  Connelly  PR,  Gill  SJ.  Carbon  monxide  binding  to  human 

hemoglobin  A0.  Biochemistry  1 987:26:6494-6502. 
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Oxyhemoglobin  Saturation  (percent) 


APPENDIX  C 


Oxygen  dissociation  curves  at  pH  7.4  and  37°  C,  at  varying 
carboxyhemoglobin  saturations.  Note  that  the  02  saturation  curve  is 
shifted  to  the  left  as  the  CO  concentration  increases.* 


Blood  Oxygen  Tension  (torr) 


*  Adapted  from:  EmstA,Zibrak  JD.  Carbon  monoxide  poisoning.  NEnglJMed  1998;339:1603-1608. 


APPENDIX  F 


Rate  of  carbon  monoxide  clearance  in  different  oxygen  environments 


Time  (hours) 


100%  02  at  2.5  atm 


100%  02 


Fresh  Air 


Code  Text  Description 


APPENDIX  G 

ICD-9  codes  and  descriptions  encountered  in  the  588  cases  of  CO-related  deaths 


Injury  by  other  &  unspecified  means,  undetermined  whether  accidently  or  purposely  inflicted.  Burns,  fire.  j 

Poisoning  by  other  gases,  undetermined  whether  accidently  or  purposely  inflicted.  Unspecified  gases  and  vapours.  ] 

Poisoning  by  other  gases,  undetermined  whether  accidently  or  purposely  inflicted.  Motor  vehicle  exhaust  gas.  j 

Suicide  and  self-inflicted  injury  by  other  and  unspecified  means.  Unspecified  means.  | 

Suicide  and  self-inflicted  injury  by  hanging,  strangulation,  and  suffocation.  Suffocation  by  plastic  bag.  J 

Suicide  and  self-inflicted  injury  by  hanging,  strangulation,  and  suffocation.  Hanging.  j 

Suicide  and  self-inflicted  poisoning  by  other  gases  and  vapours.  Unspecified  gases  and  vapours.  | 

Suicide  and  self-inflicted  poisoning  by  other  gases  and  vapours.  Other  specified  gases  and  vapours.  | 

Suicide  and  self-inflicted  poisoning  by  other  gases  and  vapours.  Other  carbon  monoxide.  | 

Suicide  and  self-inflicted  poisoning  by  other  gases  and  vapours.  Motor  vehicle  exhaust  gas.  j 

Suicide  and  self-inflicted  poisoning  by  gases  in  domestic  use.  Other  utility  gas.  | 

Suicide  and  self-inflicted  poisoning  by  gases  in  domestic  use.  Liquified  petroleum  gas  distributed  in  mobile  containers.  | 

Suicide  and  self-inflicted  poisoning  by  gases  in  domestic  use.  Gas  distributed  by  pipeline.  J 

Accident  caused  by  electric  current.  Domestic  wiring  and  appliances.  j 

Accident  caused  by  explosive  material.  Explosive  gases.  | 

Excessive  heat.  Of  unspecified  origin.  | 

Accident  caused  by  unspecified  fire.  | 

Accident  caused  by  other  specified  fire  and  flames.  Other,  (blowtorch,  candle,  cigarette,  fire  in  room,  etc.)  j 

Accident  caused  by  other  specified  fire  and  flames.  Burning  bedclothes.  j 

Ignition  of  highly  inflammable  material.  | 
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Accident  caused  by  ignition  of  clothing.  From  other  sources.  (As  E898.1  above)  | 

Accident  caused  by  ignition  of  clothing.  From  controlled  fire  in  private  dwelling.  | 

Conflagration  in  other  and  unspecified  building  or  structure.  Other  smoke  and  fumes  from  conflagration.  (Includes  CO)  f 

Conflagration  in  private  dwelling.  Burning  caused  by  conflagration.  j 

Conflagration  in  private  dwelling.  Other  smoke  and  fumes  from  conflagration.  (Includes  CO)  j 

Accidental  poisoning  by  other  utility  gas  and  other  carbon  monoxide.  Unspecified  carbon  monoxide.  | 

Accidental  poisoning  by  other  utility  gas  and  other  carbon  monoxide.  Carbon  monoxide  from  other  sources.  | 

Accidental  poisoning  by  other  utility  gas  and  other  CO.  Carbon  monoxide  from  incomplete  combustion  of  other  domestic  fuels.  | 

Accidental  poisoning  by  other  utility  gas  and  other  carbon  monoxide.  Motor  vehicle  exhaust  gas.  | 

Accidental  poisoning  by  other  utility  gas  and  other  carbon  monoxide.  Other  and  unspecified  utility  gas.  Q 

Accidental  poisoning  by  distributed  by  pipeline.  Other  and  unspecified  utility  gas.  (Includes  CO  from  incomplete  combustion  of  piped  gas)  | 

Accidental  poisoning  by  petroleum  products,  other  solvents,  and  their  vapours,  not  elsewhere  classified.  Petroleum  fuels  and  cleaners.  f 

Accident  to  powered  aircraft  at  takeoff  or  landing.  Other  occupant.  (Non-crew  flight  personnel,  or  commercial  passenger)  | 

Other  motor  vehicle  traffic  accident  of  other  and  unspecified  nature.  Driver  is  person  injured.  (Includes  accidental  CO  poisoning)  f 
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Code  Text  Description 
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Text  Description 


Hyperplasia  of  prostate.  f 

Other  disorders  of  bladder.  Diverticulum  of  bladder.  1 

Infections  of  kidney.  Pyelonephritis  or  pyonephritis,  not  specified  as  acute  or  chronic.  | 

Liver  abscess  and  sequelae  of  chronic  liver  disease.  Other  sequelae  of  chronic  liver  disease.  | 

Chronic  liver  disease  and  cirrhosis.  Cirrhosis  of  liver  without  mention  of  alcohol.  | 

Pulmonary  congestion  and  hypostasis.  | 

Chronic  brochitis.  Other  chronic  bronchitis.  | 

Pneumonia,  organism  unspecified.  | 

Bronchopneumonia,  organism  unspecified.  j 

Occlusion  of  cerebral  arteries.  Unspecified.  | 

Intracranial  haemorrhage.  | 

Ill-defined  descriptions  and  complications  of  heart  disease.  Cardiovascular  disease,  unspecified.  | 

Cardiac  dysrhythmias.  Cardiac  arrest.  | 

Acute  pulmonary  heart  disease.  Pulmonary  embolism.  | 

Other  forms  of  chronic  ischemic  heart  disease.  Coronary  atherosclerosis.  J 

Acute  myocardial  infarction.  | 

Blindness  and  low  vision.  Blindness,  both  eyes.  | 

Glaucoma.  Unspecified.  f 

Other  and  unspecified  disorders  of  the  nervous  system.  Unspecified.  I 

Other  conditions  of  brain.  Anoxic  brain  damage.  | 

Epilepsy.  Unspecified.  | 

Specific  nonpsychotic  mental  disorders  following  organic  brain  damage.  Unspecified.  | 

Physiological  malfunction  arising  from  mental  factors.  Gastrointestinal.  j 

Nondependent  abuse  of  drugs.  Other,  mixed,  or  unspecified.  | 

Nondependent  abuse  of  drugs.  Tobacco.  j 

Nondependent  abuse  of  drugs.  Alcohol.  | 

Alcohol  dependence  syndrome.  J 

Thyrotoxicosis  with  or  without  goitre.  Thyrotoxicosis  without  mention  of  goitre  or  other  cause.  | 

Malignant  neoplasm  without  specification  of  site.  Other,  (ie.,  not  disseminated)  | 

Malignant  neoplasm  of  colon.  Colon,  unspecified.  | 
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APPENDIX  H 


Abridged  database  * 
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*  Entire  database  also  listed  up  to  14  associated  causes  of  death.  See  APPENDIX  I  for 
data  codes  and  column  heading  descriptions. 

**  Underlying  (primary)  cause  of  death.  Although  carbon  monoxide  is  not  listed  in  some 

of  the  UCD's,  all  588  entries  have  CO  toxicity  referenced  as  either  the  underlying 
or  an  associated  cause  of  death. 
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APPENDIX  I 

Database  variable  codes  and  descriptions 


Year  of  death 


Identifier  assigned  for  this  study 


in  years)  at  time  of  death 


SSI 

TflTT' 

SSI 


self-explanato: 


1  through  588  (assigned  chronologically  by  author 


self-explanato 


Gender 

0  =  Male 

1  =  Female 

Race 

0  =  White 

2  =  Native  American 

4  =  Other 

1  -  Blade 

3  -  Asian 

7 -Unknown 

Marital  status 

0  —  Never  married 

2  -  Widowed 

7  =  Unknown 

1  =  Married 

3  -  Divorced 

9  -  Blank  on  certificate 

Residence 

0  -  San  Antonio 

2  -  Rural  Bexar  County 

4  =  Other  U.S.  state 

6  =  Other  foreign  country 

9  =  Blank  on  certificate 

1  =  Other  Bexar  County  city 

3  —  Other  Texas  county 

5  -  Mexico 

7 -Unknown 

Place  of  birth 

0  =  Texas 

2  =  Mexico 

4  =  Cuba 

6  =  Other  country 

1  -  Other  U.S.  state 

3  =  Puerto  Rico 

5  =  Other  Hispanic  country 

7  -  Unknown 

Spanish  origin 

0  =  Not  Spanish 

2  -  Puerto  Rican 

4  =  Other  Spanish 

8  -  Not  asked  (prior  to  1980) 

1  =  Mexican 

3  -  Cuban 

7 -Unknown 

9  -  Blank  on  certificate 

Place  of  Death 

0  =  Hospital 

2  =  Other  place 

7  -  Unknown 

1  —  Other  institution 

3  -  "Dead  on  arrival" 

9  =  Blank  on  certificate 

Autopsy  performed 

0  =  Yes 

2  =  ?  ( hot  defined  in  scheme !) 

8  =  Not  asked  (in  1940-1948  ) 

1  —  No 

7  -  Unknown 

9  =  Blank  on  certificate 

Death  due  to  occupational  injury 

0-Yes 

2  =  ?  (not  defined  in  scheme 1) 

9  -  Blank  on  certificate 

1  =No 

7  =  Unknown 

Spanish  surname  identifier 

0  =  Not  a  Spanish  surname 

1  =  Spanish  surname 

Occupation  (1970  Census  definition) 

0  =  No  occupation 

2  =  Managers  &  Admin. 

4  =  Clerical 

6  =  Operatives  (ex.  Transport) 

8  -  Laborer  (ex.  Farm) 

11  =  Farmers,  Farm  Managers 

22  =  "Domestic" 

24  =  Housewife,  househusband 

42  =  Army 

44  =  Marine  Corps 

72  =  Maintenance,  general 

98  =  Uncodeable 

1  =  Professional  &  Technical 

3  -  Sales 

5  -  Craft  trades 

7  =  Transport  Equipment  Op. 

9  -  Service  (ex.  private  household) 

21  -  Private  household 

23  =  "Housework" 

41  =  Air  Force 

43  -  Navy 

45  -  Military 

97  -  Unemployed 

99  =  Blank  on  certificate 

Manner  of  death  ( coded  by  author) 

acc  =  Accident 

horn  =  Homicide  (none  found) 

sui  =  Suicide 
und  =  Undetermined 

Undo-lying  cause  of  death 

Listed  in  original  database  as  ICD-9  codes;  converted  here  | 

to  abbreviated  descriptions.  (See  also  APPENDIX  G.)  I 
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Number  of  Residents 


APPENDIX  J 


Population  changes  in  Bexar  County,  Texas,  1900-2000* 
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Census 

Population 

1900 

69,422 

1910 

119,676 

1920 

202,096 

1930 

292,533 

1940 

338,176 

1950 

500,460 

1960 

687,151 

1970 

830,460 

1980 

988,800 

1990 

1,185,394 

2000 

1,392,931 

*  Source:  U.S.  Bureau  of  the  Census  -  http://www.census.gov/population/cencounts/txl90090.txt 
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APPENDIX  K 


Estimates  of  1990  Bexar  County  population  by  age,  sex,  race,  and 
Hispanic  ethnicity* 
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These  totals  do  not  precisely  match  those  shown  in  APPENDIX  J  because  these  data  are  Census  Bureau  estimates  rather  than  actual 
census  counts.  Use  of  these  estimates  was  necessary  because  actual  1990  census  figures,  based  on  self-reporting,  Included  a  large 
number  of  "Other"  responses  as  to  race  (1 7.1  %  of  the  total  population).  It  became  evident  that  this  was  caused  by  about  one-third  of  the 
county's  white  ethnic  Hispanics,  who  had  opted  not  to  report  themselves  as  racially  "white." 


46  y/o  married  non-hispanic  white  male  resided  in  a  Bexar  Cty  city  other  than  San  Antonio.  Occupation  listed  as  "military." 

E  982.0  Poisoning  by  other  gas,  undetermined  whether  accidental  or  purposely  inflicted .  Motor  vehicle  exhaust  gas. 
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864.0  Intracranial  injury  of  other  &  unspecified  nature .  Without  mention  of  open  intracranial  wound . 
986.0  Toxic  effect  of  carbon  monoxide.  (From  all  sources.) _ 

ried  non-hispanic  white  male.  Resided  in  San  Antonio;  no  occupation  listed. 

982.1  Toxic  effect  of  solvents  other  than  petroleum-based .  Carbon  tetrachloride. 

986.0  Toxic  effect  of  carbon  monoxide.  (From  all  sources.) 


LITERATURE  CITED 


1.  Wilson  EF,  Rich  TH,  Messman  HC.  The  hazardous  hibachi:  carbon  monoxide  poisoning 
following  use  of  charcoal.  JAMA  1972;221:405-406. 

2.  Hampson  NB,  Norkool  DM.  Carbon  monoxide  poisoning  in  children  riding  in  the  back  of 
pickup  trucks.  JAMA  1992;267:538-540. 

3.  Hampson  NB,  Kramer  CC.  Danford  RG,  Norkool  DM.  Carbon  monoxide  poisoning  from 
indoor  burning  of  charcoal  briquets.  JAMA  1994;271:52-53. 

4.  Dolan  MC.  Carbon  monoxide  poisoning.  Ccm  Med  Assoc  J  1985;133:392-399. 

5.  Meredith  T,  Vale  A.  Carbon  monoxide  poisoning.  BrMedJ  1988;296:77-78. 

6.  Broome  JR,  Pearson  RR.  Carbon  monoxide  poisoning:  forgotten  not  gone!  Br  JHosp  Med 
1988;39:298-305. 

7.  Cobb  N,  Etzel  RA.  Unintentional  carbon  monoxide-related  deaths  in  the  United  States, 
1979  through  \9%%.JAMA  1991;266:659-663. 

8.  Hardy  KR,  Thom  SR.  Pathophysiology  and  treatment  of  carbon  monoxide  poisoning.  J 
Toxicol  Clin  Toxicol  1994;32:613-629. 

9.  Tibbies  PM,  Edelsberg  JS.  Hyperbaric-oxygen  therapy.  NEngl  JMed  1996;334: 1642- 
1648. 

10.  Anonymous.  Carbon  monoxide,  and  old  enemy  forgot  (editorial).  Lancet  1981;2:75-76. 

11.  Grace  TW,  Platt  FW.  Subacute  carbon  monoxide  poisoning  -  another  great  imitator. 
JAMA  1981;246:1698-1700. 

12.  Barret  L,  Danel  V,  Faure  J.  Carbon  monoxide  poisoning,  a  diagnosis  frequently 
overlooked.  J  Toxicol  Clin  Toxicol  1985;23:309-313. 

13.  Heckerling  PS,  Leikin  JB,  Maturen  A,  Perkins  JT.  Predictions  of  occult  carbon 
monoxide  poisoning  in  patients  with  headache  and  dizziness.  Ann  IntMed  1987;107:174- 
176. 

14.  Heckerling  PS.  Occult  carbon  monoxide  poisoning:  a  cause  of  winter  headache.  Am  J 
EmergMed  1987;5:201-204. 


58 


15.  Heckerling  PS,  Leikin  JB,  Maturen  A.  Occult  carbon  monoxide  poisoning:  validation  of  a 
predictive  model.  Am  JMed  1988;84:251-256. 

16.  Escamilla  R,  Daniels  D.  A  deadly  mistake:  two  men  killed  in  their  Westside  home  after 
one  of  the  men  left  his  car  running  in  the  garage.  Television  news  story,  News4  San  Antonio-, 
Station  KMOL,  Jan.  22,  2002. 

17.  King  K.  Carbon  monoxide  from  car  kills  2  inside  home.  In:  San  Antonio  Express  News ; 
Jan.  22, 2002:  IB. 

18.  Associated  Press.  California  cops  say  dad  lighted  grill  to  asphyxiate  kids,  self.  In:  San 
Antonio  Express  News;  Feb.  22, 2002: 12 A. 

19.  Gonzales  E.  English  teacher  Sullivan,  34,  loved  literature.  In:  San  Antonio  Express 
News;  Apr.  7, 2002: 6B. 

20.  Moore  JW,  Moore  EA.  Environmental  chemistry.  New  York,  NY:  Academic  Press, 
1976. 

21.  Perkins  JL,  Lecture  on  air  pollution.  University  of  Texas  Health  Science  Center  at 
Houston,  San  Antonio  Campus;  Feb  13, 2002. 

22.  Stewart  RD,  Hake  CL.  Paint-remover  hazard.  JAMA  1976;235:398-401. 

23.  Astrup  P.  Some  physiological  and  pathological  effects  of  moderate  carbon  monoxide 
exposure.  BrMedJ  1972;4:447-452. 

24.  Forbes  WH,  Sargent  F,  Roughton  FJW.  Rate  of  carbon  monoxide  uptake  by  normal  men. 
Am  J  Physiol  1945;143:594-608. 

25.  Forbes  WH.  Carbon  monoxide  uptake  via  the  lungs.  Ann  NY  Acad  Sci  1970;174:72-75. 

26.  Stewart  RD.  The  effect  of  carbon  monoxide  on  humans.  Annu  Rev  Pharmacol 
1975;15:409-423. 

27.  Cobum  RF.  The  carbon  monoxide  body  stores.  Ann  NY  Acad  Sci  1970;174: 11-22. 

28.  Alberty  RA,  Daniels  F.  Physical  Chemistry.  New  York,  NY:  John  Wiley  and  Sons,  1979. 

29.  DiCera  E,  Doyle  ML,  Connelly  PR,  Gill  SJ.  Carbon  monoxide  binding  to  human 
hemoglobin  Ao.  Biochemistry  1987;26:6494-6502. 

30.  Winter  PM,  Miller  JN.  Carbon  monoxide  poisoning.  JAMA  1976;236: 1502-1504. 


59 


31.  Erast  A,  Zibrak  JD.  Carbon  monoxide  poisoning.  N Engl  JMed  1998;339:1603-1608. 

32.  Perkins  HC.  Air  pollution.  New  York,  NY:  McGraw  Hill  Book  Co.,  1974. 

33.  Hee  J,  Callais  F,  Momas  I,  Laurent  AM,  Min  S,  Molinier  P,  Chastagnier  M,  Claude  JR, 
Festy  B.  Smokers’  behaviour  and  exposure  according  to  cigarette  yield  and  smoking 
experience.  Pharmacol  Biochem  Behav  1995;52:195-203. 

34.  Tikuisis  P,  Buick  F,  Kane  DM.  Percent  carboxyhemoglobin  in  resting  humans  exposed 
repeatedly  to  1,500  and  7,500  ppm  CO.  J Appl  Physiol  1987;63:820-827. 

35.  Smith  JS,  Brandon  s.  Morbidity  from  acute  carbon  monoxide  poisoning  at  three-year 
follow-up.  BrMedJ  1973;1:318-321. 

36.  Messier  LD,  Meyers  RAM.  A  neuropsychological  screening  battery  for  emergency 
assessment  of  carbon-monoxide-poisoning  patients.  J  Clin  Psychol  1991;47:675-684. 

37.  Seger  D,  Welch  L.  Carbon  monoxide  controversies:  neuropsychologic  testing, 
mechanism  of  toxicity,  and  hyperbaric  oxygen.  Ann  EmergMed  1994;24:242-248. 

38.  Balfour  AJC.  Injury  analysis  and  accident  reconstruction.  Lecture  presented  during 
continuing  education  course  in  aerospace  pathology.  Armed  Forces  Institute  of  Pathology, 
Washington,  DC,  Oct  13,  1988. 

39.  Leavell  UW,  Farley  CH,  McIntyre  JS.  Cutaneous  changes  in  a  patient  with  carbon 
monoxide  poisoning.  Arch  Derm  1969;99:429-433. 

40.  Choi  IS.  Delayed  neurologic  sequelae  in  carbon  monoxide  intoxication.  Arch  Neurol 
1983;40:433-435. 

41 .  Vieregge  P,  Klostermann  W,  Blumm  RG,  Borgis  KJ.  Carbon  monoxide  poisoning: 
clinical,  neurophysiological,  and  brain  imaging  observations  in  acute  disease  and  follow-up. 
JNeuol  1989;236:478-481. 

42.  Carlesimo  GA,  Fadda  L,  Turriziani  P,  Tomaiuolo  F,  Caltagirone  C.  Selective  sparing  or 
face  learning  in  a  global  amnestic  patient.  JNeuro  Neurosurg  &  Psych  2001;71:340-346. 

43.  Murata  T,  Kimura  H,  Kado  H,  Omori  M,  Onizuka  J,  Takahashi  T,  Itoh  H,  Wada  Y. 
Neuronal  damage  in  the  interval  form  of  CO  poisoning  determined  by  serial  diffused 
weighted  magnetic  resonance  imaging  plus  lH-magnetic  resonance  spectroscopy.  J  Neuro 
Neurosurg  &  Psych  2001  ;71 :250-253. 


60 


44.  Niden  AH.  The  effects  of  low  levels  of  carbon  monoxide  on  the  fine  structure  of  the 
terminal  airways.  Am  Rev  Resp  Dis  1971;103:898. 

45.  Longo  LD.  The  biological  effects  of  carbon  monoxide  on  the  pregnant  woman,  fetus,  and 
newborn  infant.  AmJObstet  Gynecol  1977;129:69-103. 

46.  Farrow  JR,  Davis  GJ,  Roy  TM,  McCloud  LC,  Nichols  GR.  Fetal  death  due  to  nonlethal 
maternal  carbon  monoxide  poisoning.  J Forensic  Sci  1990;35:1448-1452. 

47.  Norman  CA,  Halton  DM.  Is  carbon  monoxide  a  workplace  teratogen?  A  review  and 
evaluation  of  the  literature.  Ann  Occup  Hyg  1990;34:335-347. 

48.  Ginsberg  MD,  Meyers  RE.  Fetal  brain  injury  after  maternal  carbon  monoxide 
intoxication:  clinical  and  neuropathologic  aspects.  Neurology  1976;26:15-23. 

49.  Ramsey  PS,  Meyer  LM,  Ramin  KD,  Heise  RH.  Delayed  postpartum  hemorrhage:  a  rare 
presentation  of  carbon  monoxide  poisoning.  AmJObstet  Gynecol  2001;184:243-244. 

50.  Watkins  CG,  Strope  GL.  Chronic  carbon  monoxide  poisoning  as  a  major  contributing 
factor  in  the  sudden  infant  death  syndrome.  Am  JDis  Children  1986;140:619. 

51.  U.S.  Census  Bureau.  Web  site:  http:www.census.gov/population/cencounts/txl90090.txt 

52.  U.S.  Census  Bureau.  Web  site:  http:eire.census.gov/popest/archives/county/co_casrh.php 


61 


VITA 


Lawrence  Todd  Burd  was  bom  in  Latrobe,  Pennsylvania  eWest  of  three 

He  graduated  with  high  honors 
from  Derry  Area  Senior  High  School  in  1977,  and  continued  studies  at  the  Pennsylvania 
State  University  on  a  four-year  Air  Force  ROTC  scholarship.  In  1981  he  graduated  with 
distinction  from  Penn  State  with  a  Bachelor  of  Science  degree  in  Biochemistry,  and  entered 
active  duty  a  few  months  later  as  a  communications-electronics  officer.  In  1986  he  became  a 
special  agent  in  the  Air  Force  Office  of  Special  Investigations  (AFOSI).  He  completed  a 
Master  of  Forensic  Sciences  degree  at  George  Washington  University  in  1989,  and  later  that 
year  finished  a  Master  of  Science  in  Administration  through  Central  Michigan  University. 

He  was  assigned  as  the  Regional  Forensic  Consultant  for  AFOSI’s  Northeastern  Region  at 
Wright-Patterson  Air  Force  Base,  Ohio,  and  later  served  in  the  same  role  for  the  Pacific 
Region  during  a  one-year  tour  at  Osan  Air  Base,  South  Korea.  After  being  selected  for  an 
Air  Force  Health  Professions  Scholarship,  he  left  active  duty  in  1992  to  attend  the 
Pennsylvania  State  University’s  College  of  Medicine.  Following  graduation  in  1996,  Dr. 
Burd  completed  an  intern  year  at  Wilford  Hall  Medical  Center,  Lackland  Air  Force  Base, 
Texas.  He  continued  there  for  an  additional  year  of  residency  training  in  psychiatry  before 
opting  to  pursue  flight  medicine.  From  1998  to  2000  he  was  assigned  to  an  Aerial  Refueling 
Squadron  at  McGuire  Air  Force  Base,  New  Jersey.  While  there,  he  deployed  to  Germany 
during  early  tensions  in  the  Balkans,  and  deployed  to  the  Middle  East  three  times  in  support 
of  Operation  SOUTHERN  WATCH.  He  later  served  as  Commander  of  Flight  Medicine  in 
the  305th  Medical  Group  before  leaving  New  Jersey  in  2001 .  Returning  to  Texas,  he  began  a 
Master  of  Public  Health  degree  at  the  San  Antonio  campus  of  the  University  of  Texas  Health 
Science  Center  at  Houston  as  part  of  a  residency  in  aerospace  medicine.  He  is  married  to 

ennsylvania,  and  they  have  a  daughter,^pm^vho  turns  1 1  in 

August  2002. 


This  thesis  was  typed  by  Lawrence  T.  Burd. 


